Purpose. the aim of the study was to determine the level of physical fitness, internal load, and recovery regarding 5 consecutive official professional soccer games and to correlate the physical fitness with the internal load and recovery variables. Methods. the total of 11 male professional soccer athletes performed an incremental treadmill test, which allowed to assess their physical fitness, and then participated in 5 official soccer matches held within 8.3 ± 3.7 days. After each match, the perceived recovery, perceived muscle soreness, creatine kinase concentration, and session rating of perceived exertion were registered. the effect of the 5 consecutive games was tested with the repeated measures ANOVA and the correlations were examined with the spearman coefficient. the significance level was set at p < 0.05. Results. the internal load and recovery variables were similar throughout the games (p > 0.05). significant correlations were found between internal load and physical fitness ( = 0.66) and between strain and recovery ( = -0.61). Conclusions. the results suggest that soccer athletes with better aerobic fitness weary more during the game and present higher strain in the season; however, they recover faster between games. 
Introduction
soccer is a predominantly aerobic sport, with high physical demand, involving high intensity actions (runs at different intensity levels, constant changes of direction, tackles, and jumps) performed repeatedly with short intervals for recovery [1] . therefore, the control of the workload during matches and training is important. One of the methods most used and widely accepted by soccer clubs and the scientific community is the control of the internal load by the training impulse of the rating of perceived exertion (rPE-triMP) [2] [3] [4] [5] . this method is based on multiplying the session rPE by the duration of the match or training (time in minutes), allowing the control of the internal load and prescription of the intensity and volume of training throughout the season.
to meet the physical demands of the game, it is important to have a high level of physical fitness. Manzi et al. [6] demonstrated that soccer athletes, during the in-season, present maximal oxygen uptake (VO 2max ) of 59.2 ± 4.3 mL·min -1 ·kg -1 and anaerobic threshold at 86.1 ± 2.9 %VO 2max . Moreover, the authors found significant associations between the indicators of physical fitness and the distance covered above 20, 35 , and 55 W·kg -1 during a soccer match. However, besides the physical fitness, the recovery of the athletes between the games has worried the technical commissions and researchers, since the schedule of games at the professional level is very demanding and normally the athletes participate in games every 2 or 3 days [7] . in this context, clubs usually maintain in their postmatch evaluation routine the measurement of muscle recovery indicators, such as muscle damage biomark-
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Human Movement, Vol. 19 , No 3, 2018 humanmovement.pl ers (usually creatine kinase [CK] , owing to its practicality) or performance tests (vertical jump) [8] , and the use of perceived recovery (Pr) and perceived pain scales. Aquino et al. [9] demonstrated strong correlations between the % CK before and after a soccer match and the number of sprints performed during the match, which supports the use of this enzyme as an indicator of skeletal muscle fibre damage [10] . in addition, studies have proved significant correlations between CK and recovery in athletes [11, 12] . in this regard, Pr scales have been widely used as indirect indicators of the recovery status of athletes [11, 13, 14] . the measurement of Pr and pain, summed to biochemical and internal load (rPE-triMP) variables, can serve to support interventions that reduce pain and increase recovery efficiency [15] , to indicate injury risk [16] , and even to suggest the selection of a reserve player to the next game.
some studies demonstrated correlations between the level of physical fitness and the recovery capacity after exercise [17, 18] . Although these works focused on the acute recovery, measured by the heart rate (Hr) and oxygen uptake (VO 2 ), their outcomes are relevant, including for soccer. Accordingly, the aim of the study was to determine the level of physical fitness, internal load, and recovery regarding 5 consecutive official professional soccer games and to correlate the physical fitness with the internal load and recovery variables. Our hypothesis was that the response magnitude of the internal load would be similar between the games and the response would be associated with the variables of physical fitness and recovery status after a soccer match. ) from a 1 st division Brazilian league soccer club took part in the study. the subjects were all outfield players (goalkeepers were excluded from the study). in addition, not all the players participated in all matches. the study was carried out during the pre-season and beginning of the season of the 1 st division of the Paraná Championship (regional level) in 2016. All participants were informed about the study procedures.
Material and methods

Participants
Experimental design initially, the participants visited the laboratory; anthropometric variables were measured and fat percentage was estimated on the basis of 7 skinfolds measurement as indicated by Jackson and Pollock [19] . then, the athletes performed an incremental test on a treadmill (Micromed, Centurion 300, Brasília, Brazil) for the determination of VO 2max and ventilatory threshold (Vt). One week later, they played 5 official matches within the Paraná Championship with intervals of 8.3 ± 3.7 days between them. At the end of each match, the time that each athlete effectively played was determined (duration) and the session rPE was registered 30 minutes after the match for quantification of internal load. Forty hours after each match, the athletes returned to the laboratory. in these visits, Pr and the perceived muscle soreness (PMs) were registered. immediately after that, blood CK concentration was examined and the Quick recovery test (Qrt) was performed. the participants maintained their training program during the entire experimental period, except in the last 24 hours before the matches, when the training program was composed of light exercises, and 40 hours after each match, when the subjects did not perform physical exercises. At the end of each match, the time duration (minutes) was registered and, 30 minutes later, the session rPE was obtained by the Borg Cr-10 scale adapted by Foster et al. [4] . it is a 10-point scale, and for each stimulus, a specific response is expected. Athletes were instructed to point at the value corresponding to the global intensity of the match: rest (0); very, very easy (1); easy (2); moderate (3); somewhat hard (4); hard (5 and 6); very hard (7, 8 , and 9), or maximal (10) . On this basis, it was possible to calculate the internal load of each match and the strain caused by the 5 games with the model proposed by Foster [3] . the internal load of each match was calculated by multiplying the session rPE score and the match duration. the analysis of monotony was performed by dividing the mean internal load by the standard deviation of the 5 matches. the strain was calculated as the ratio between the sum of the 5 matches and the monotony.
Perceived recovery and perceived muscle soreness Pr was measured with the Perceived recovery scale modified from the Borg (1982) Cr-10 scale, with the initial descriptor 'fully recovered' (0) and final 'extremely tired' (10) . PMs was indicated with the pain Visual Analogue scale (VAs) [14] , which illustrates pain as a continuous line where the initial value is always attributed to 'no pain' and the final value refers to 'unbearable pain.'
Creatine kinase serum blood samples of 3 ml were collected from the antecubital vein of the dominant arm with the participants seated. the samples were deposited in heparinized test tubes (Laborglas, são Paulo, Brazil) and then analysed with a kit of reactive strips (reflotron ® Plus, Basel schweiz, switzerland) with the use of the reflectance photometry method [12] .
Quick recovery test the method for the recovery analysis uses the Firstbeat software (Firstbeat Pro 4.7.3.1, Jyväskylä, Finland) and is based on the analysis of the Hr variability. the method reflects the state of the nervous system, which combines stress from different sources [21] . in principle, this method recognizes reactions of stress and recovery of the body through the intensity of the sympathetic and parasympathetic nervous system activation. the athletes placed the transmitting straps in the chest region and remained in low light and quiet environment, lying down for 3 minutes for the software to be triggered and to effectively start the collection, which lasted 5 minutes. the result of the recovery level based on the Hr variability is presented in percentages.
statistical analyses
Descriptive statistics were calculated and data were expressed by mean ± standard deviation. initially, normality was tested with the shapiro-Wilk's test. then, to verify the simple effect of the 5 matches on the session rPE, Pr, PMs, Qrt, and internal load, the repeated measures ANOVA was used. if the sphericity between the participants were violated in accordance with Mauchly's test, a Greenhouse-Geisser correction factor would be applied to correct the freedom degrees. the Bonferroni post-hoc test was used to observe the statistical differences. For the CK analysis, the Friedman ANOVA was used, followed by the Wilcoxon test, once this data set did not meet normality. the spearman correlation coefficient was calculated to evaluate the correlation between the internal load variables of the 5 matches, the mean of the recovery variables, and the physical fitness level. significance was set at p < 0.05. the statistical Package for the social sciences (sPss ® ), version 20.0 for Windows (Chicago, UsA) was used for all the analyses.
Ethical approval
the research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the Ethics Committee from the Federal University of Paraná Health sciences Department, under register No. 0081.0.091.000-08.
Informed consent
informed consent has been obtained from all individuals included in this study.
Results
Vt was identified in all the participants; Hr and velocity at Vt were 175 ± 9 beats · min -1 and 16 ± 1.4 km · h -1 , respectively. the quantification of the internal load is presented in Figure 1 . No significant differences were found among the 5 matches (f (4,10) = 0.86, p = 0.49). the 95% significant positive correlations were found between the mean session rPE vs. the Hr at Vt ( = 0.62, p = 0.04; Figure 2A ) and the mean session rPE vs. the mean internal load ( = 0.92, p < 0.001; Figure 2B ), mean internal load vs. mean CK ( = 0.63, p = 0.04; Figure 2C ), and mean internal load vs. Hr at Vt ( = 0.66, p = 0.027; Figure 2D ). significant negative corre- Figure 3A ) and mean Pr vs. matches strain ( = -0.61, p = 0.046; Figure 3B ). there were no correlations related to the velocity at Vt or PMs (p > 0.05).
Discussion the main objective of the present study was to investigate the internal load imposed by soccer matches and to determine whether it was related to the physical fitness and recovery status of professional soccer players during a competitive period. the hypothesis put forward was that the internal load remained stable between the matches and that it was correlated with the physical fitness and recovery status after the games. thus, the main outcomes of the study were as follows: (1) a player's internal load was similar between consecutive matches; (2) it was positively correlated with Hr at Vt and serum CK concentration after the game; (3) unexpectedly, that the strain calculated from the internal load of the 5 games was negatively correlated with Pr.
the quantification of the session internal load through rPE, proposed by Foster et al. [4] , has been widely used by soccer clubs and considered a valid method for determining the load [5, 22] . in the present study, it was identified that the internal load of soccer matches during the beginning of the season did not differ between the games, which suggests that its behaviour was regular during the period (mean: 557.1 ± 116.4 AU, p > 0.05). these values are close to those observed by impellizzeri et al. [5] in which they participated for at least 80 minutes. session rPE is a good indicator for the evaluation of the training load during a season, once it has significant correlations with models that use Hr to determine the training internal load (r = 0.50-0.85, p < 0.01) [5] . However, quantification of the internal load in an official match has not been widely discussed, once the indicators of the external load (GPs systems and accelerometers), although still commonly used, do not provide information of the additional strain coming from several games. Previous studies with professional soccer athletes point that indicators of the relative external load have high correlation with the internal load obtained by the session rPE [23] . thus, the game rPE is a useful strategy to quantify the match and to help with the training and recovery plan during the competitive period. However, aerobic fitness of soccer athletes may influence their internal responses. it is known that the VO 2 kinetics in an incremental test allows the deter-
humanmovement.pl mination of the Vt, which is an indicator of aerobic fitness and remains related to performance [24] . Manzi et al. [6] verified that, in elite soccer players, the Vt determined by open circuit spirometry was correlated with the game metabolic power categories (r = 0.72-0.83, p < 0.01) during competitive seasons. Aslan et al. [25] also observed that blood lactate concentrations during an incremental test were associated with the distance covered during a game (r = 0.48-0.57, p < 0.05) and that young soccer players presented higher internal load during the first half compared with the second half, although the physiological strain was similar in both halves. the results of the present study show significant correlations between Hr at Vt and game rPE and match internal load; however, no significant correlations were found with the velocity at Vt (data not shown). strong correlations have been demonstrated between the session rPE and the Hr and the game internal load [2] , owing to the contribution of anaerobic metabolism required by soccer [25, 26] . thus, the subjective method seems to reflect the internal changes in the athletes' organism, including their physical fitness level. in this study, correspondence analysis and VO 2max suggest that the sample represented elite professional soccer players and, indeed, the average physical fitness level was in line with that presented in the literature [6, 25] , showing correlation with the match internal load.
Our results also demonstrate positive correlations between the match internal load and post-match serum CK concentrations, and inverse correlations between the Qrt and the Pr; however, no significant correlations were found in relation to the PMs. it means that the higher the match internal load, the higher the serum CK concentrations, which are associated with muscle damage and need an invasive method to be measured in soccer. Freitas et al. [11] identified that the CK and the total quality recovery (tQr) scale are sensible to changes in the training internal load in volleyball athletes. Osiecki et al. [12] observed inverse significant correlations between the tQr scale and post-match serum CK concentrations (r = -0.75, p < 0.05), corroborating the present study. in addition, the correlation between the recovery markers was expected, since both represent the recovery status of the athletes. these markers (CK, PMs, Pr, and Qrt) are often used in soccer athletes for the evaluation of muscle damage and recovery because they are correlated with the wear caused by the game. A strong relationship has been demonstrated between the percentage of CK (final -baseline) and the displacement pattern in a simulated game [9] . A match causes a transient systemic imbalance that results in muscle damage and changes in performance-related inflammatory parameters [27] . still, the lack of correlation with the PMs can be justified by the physical fitness level of the athletes, since studies have demonstrated that the pain threshold increases with high exposure to daily training-induced stress [28] , as well as the decrease in serum CK concentration during and after recovery throughout the competitive year [29] .
However, surprisingly, the strain calculated from the internal load of the 5 matches was inversely correlated to the Pr. this unexpected result indicates that the higher the game-induced internal strain, the faster the recovery. recently, Djaoui et al. [30] , investigating the post-match fatigue kinetics in young and professional soccer players during a competitive period, observed that although the professionals presented higher fatigue after a game compared with the young players, they recovered faster owing to their increased physical fitness. Considering the findings of the present study, in which the physical fitness level was correlated to a higher match internal load, summed to the fact that a higher load generates higher internal strain [31] , and consequently a more efficient recovery, it may be suggested that the physical fitness level is related to a better performance and recovery. that is, soccer players with better aerobic fitness weary more during matches, which causes higher stress to their body during the season, but also recover faster between games. it denotes that perceptive markers can be used to determine stress and recovery during the season as a training control to increase the physical fitness level and avoid overtraining.
it is important to recognize some limitations of the study. the first is the sample size (n = 11); however, our study was conducted in an official gaming environment, which limits the number of individuals that could participate. Another factor is the control of the training during the matches, since the training internal load between the games could clarify the influence of the training in the game. Nevertheless, this monitoring or intervention was not possible because the team participated in a high level official championship and was preparing for the 1 st division of the national league. Despite these limitations, the outcomes of the study are important and corroborate the current literature concerning physical fitness [6, 25] , game performance [5, 26] , and recovery in soccer athletes [9, 27, 30] , allowing further discussion about the session rPE in soccer.
in summary, the response of the internal load between consecutive matches was similar, and remained
